In this study, the concept of a new seawater desalination method and equipment using liquid columns of seawater and desalinated fresh water, decompression boiling and evaporation, condensation, and recovery of condensation latent heat are proposed. The equipment consists of seawater and freshwater columns approximately 10 m high with top spaces. The pressure of the top space, the evaporation and condensation area, of the seawater column, for example, is reduced approximately 30 mmHg (abs.) using the seawater column, after which it is heated from the general seawater temperature of 25˚C to 30˚C to boil and evaporate the seawater. The vapor is cooled by the seawater at approximately 25˚C in a heat exchanger, and then, it is condensed and sent to the fresh water column. At this time, the condensation latent heat is recovered to preheat the newly flowing seawater. The evaporation or condensation rate, namely, the production rate of freshwater, by the new desalination equipment is also estimated by the results of the existing quadruplex effect vacuum evaporator used in the salt production industry. This new desalination method and its associated equipment also can be used to purify polluted water and waste water.
Introduction
There is a huge amount of water in the world, but available fresh water is only a /day is produced by the RO membrane-method. However, lower construction, operating, and maintenance costs are needed [1] .
A desalination system by decompression-boiling using a liquid column of about 10 m in height [2] [3] has been proposed, but in their system condensation latent heat did not recover and the desalination performance seems to be not enough.
In particular, Goswami et al. [2] [4] studied this a lot, but it seems that it has not been put to practical use.
In this study, the concept of a new seawater desalination method and equipment by decompression boiling and evaporation of seawater using a liquid column of about 10 m high and the heat exchanger to condensate the evaporation vapor and recover the latent heat is proposed [5] , and the performance and the feasibility are also verified by using the previous data [6] [7] [8] for the vacuum evaporator of salt production from seawater.
The equipment consists of seawater and freshwater columns approximately 10 m high. The pressure of the top space, the evaporation and condensation area, of the seawater column, is reduced to approximately 30 mmHg (abs.) using the seawater column, after which it is heated a little from the general seawater temperature of 25˚C to 30˚C to boil and evaporate the seawater. The vapor is cooled by the seawater at approximately 25˚C in a heat exchanger, and then, it is condensed and sent to the freshwater column. At this time, the condensation latent heat is recovered to preheat newly flowing seawater.
This process is repeated, and freshwater is produced almost all automatically.
The evaporation or condensation rate, namely, the production rate of freshwater, by the new desalination equipment is also estimated by the results of the existing quadruplex effect vacuum evaporator used in the salt production industry (Naikai Salt Ind. Co., Ltd., Japan, 2006).
This new desalination method and its associated equipment also can be used to purify polluted water and waste water.
Desalination of Seawater
Seawater can be desalinated using the evaporation method by phase change, the freeze method, and the membrane method. 
New Seawater Desalination Method and Equipment (by Decompression Boling Using Liquid Column and Seawater)
Figure 2 continuously under a small control of the pressure and temperature in the evaporation and condensation room 9, and this method which boils seawater at a low temperature and also condenses the vapor will produce freshwater inexpensively compared to other seawater desalination methods because of the simple and rational arrangements to recover the latent heat. But, the cost performance of this method has to be examined precisely.
Evaporation and Condensation Rates (Freshwater Rate)
Using the results for an existing seawater salt manufacturing device, the quadruplex effect vacuum evaporator shown in Figure 3 , we can estimate the evaporation and condensation rates, i.e., the freshwater production rate, of this seawater desalination method using a liquid column and decompression boiling as follows.
In the quadruplex effect vacuum evaporator shown in Figure 3 , steam at 120 Table 1 shows some results of the 1 st to 4 th kettles in Figure 3 . For example, Figure 3 . Quadruplex effect vacuum evaporator [Hashimoto (2004) , Naikai Salt Ind. Co., Ltd., Japan (2008)]. In the case of Figure 2 This new desalination method and associated equipment can be applied not only for seawater but also for waste water. The construction and operating costs expected to be lower than those of other desalination method because of the Journal of Water Resource and Protection simple and rational arrangements. The details will be shown in the next study.
Conclusions
The major results are as follows. The new desalination method, system, includes a heat exchanger, condenser in the head space of the seawater tower and the desalination can be automatically operated continuously.
2) The evaporation or condensation rate can be estimated as TR ≈ 37. 6 plied not only for seawater but also for polluted or waste water, and will produce freshwater inexpensively compared to other seawater desalination methods because of the simple and rational arrangements.
